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ABSTRACT: Acute toxicity tests were performed on Hyale crassipes from Karakum 
shores of Sinop Peninsula in the Black Sea. 24, 48, 72 and 96-h LC50 values were 
estimated for copper, cadmium and zinc using static bioassay method. This study was the 
first toxicity study with Hyale crassipes and showed that the species was very sensitive to 
metals. The results indicated that Cu was more toxic to the amphipods followed by Cd 
and Zn. Clearly, Hyale crassipes has potential as test species for toxicity studies in 
Turkish waters. 
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INTRODUCTION 
 
Currently, marine pollution owing to pollutants such as heavy metals is a major 
word-wide problem. The Black Sea is semi closed sea and is the rich habitat for 
numerous benthic organisms, but only few investigators have documented the 
accumulation of contaminants like heavy metals in benthic invertebrates (Bat and Arici, 
2018). Moreover, heavy metal contamination is described as one of the most important 
factors influencing the benthic organisms in the Black Sea (Bat et al., 2014). 
Toxicity of certain heavy metals can produce cumulative deleterious effects in a 
wide variety of aquatic organisms particularly the benthic ones. Thus, most of the heavy 
metals are toxic if they are available in marine habitats. Heavy metals eventually sink to 
the bottom and bind to sediments and suspended particulate matter and gradually become 
available to the benthic organisms (Bat and Özkan, 2015). In ecotoxicology, heavy 
metals pose serious threats to marine organisms. Many marine organisms including  
amphipod species have been used widely to assess the health of marine ecosystems and to 
monitor heavy metal pollution. The accumulation of heavy metals by organisms could be 
biologically magnified through food chain and hence can exhibit devastating effects on 
the marine organisms (Bat, 2005). Ahsanullah (1976) pointed out that amphipods are 
more sensitive than crab, shrimp mollusc and worm. Bat et al. (1999) also found that 
amphipod Echinogammarus olivii was more sensitive to the metals than Isopod 
Sphaeroma serratum and Decapod Palaemon elegans. 
Hyale crassipes was selected as the test organism in the current study. It is widely 
distributed in the Black Sea. This species is found among the mussel beds, sandy ground 
and under the stones (Bellan-Santini, 1989), under the rocks and stones in the medio-
littoral (Kocatas and Katagan, 1978), mostly on the rocks with Ulva rigida in the upper 
infra-littoral (Petrescu, 1998). This species also identified in Mytilus galloprovincialis 
facies in the Turkish Straits (Bakir et al., 2016). The animal feeds mainly on plants 
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(Costa et al., 2009). Moreover, they are important links in detritus food chains and have a 
relatively short life cycle, require little space, are easily adaptable to laboratory 
conditions and are sensitive to a broad range of chemicals. This current study is therefore 
aimed at assessing the toxic of Cu, Cd and Zn toxicity to Hyale crassipes using static 
bioassay tests. 
 
MATERIALS AND METHOD 
 
The amphipod Hyale crassipes (Heller, 1866) were picked by hand at the depths of 1-3 m 
on rocks with the algae Ulva spp. present in the eu-littoral and infra-littoral zone at 
Karakum shores of Sinop provincial (Fig. 1). Considering the species dominance, Hyale 
crassipes was of the most representative species in Karakum shores of Sinop (Sezgin and 
Aydemir Çil, 2010). Collected amphipods were transported to the laboratory in sea water 
from the collection site and acclimated in a holding tank for a week at 16°C ± 2°C, 17‰ 
salinity, pH at 8.1 ± 0.2 under a 12:12 hour at light: dark regime. In the tank an excess of 
food was available in the form of algae Ulva sp. and organic detritus for amphipods. 
 
Fig. 1. Sampling place of Hyale crassipes 
 
Stock solutions of heavy metals were freshly prepared by dissolving the appropriate 
metal salts (CuSO4.5H2O for Cu, CdCl2.2.5H2O for Cd and ZnCl2 for Zn) in deionized 
water in 1 litre glass volumetric flasks which were cleaned in 10% nitric acid and well 
rinsed with deionized water. Stocks were acidified by adding a few drops of concentrated 
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pure nitric acid in order to reduce precipitation / adsorption of the metal ions 
(Ahsanullah, 1976; Martin and Holdich, 1986). They were then kept in the dark at 4°C. 
Stocks were freshly prepared not more than two days in advance of a test. Test 
concentrations were made up by serial dilutions of the stock solution with filtered natural 
sea water.  Organisms were exposed to a range of concentrations of copper, cadmium and 
zinc as 0.01 to 10 mg l-1.  
The healthy individuals were selected randomly for the experiments. They had a 
mean length 7 ± 1 mm (Figure 2). Each 500 ml jar containing 400 ml of solution 
contained 20 individuals and was continuously aerated with air pump attached to an 
aeration stone. Before exposure to the metals, the movement of the amphipods were 
normal. During the experiment, seawater was changed daily to keep concentrations of 
Cu, Cd and Zn solution near the nominal level and seawater temperature was kept at 
16°C ± 2°C, salinity at 17‰, pH at 8.1 ± 0.2, dissolved oxygen at 88% ±5. 
 
 
Fig. 2. Hyale crassipes 
 
The survival of tested amphipods in each jar was determined at 24, 48, 72 and 96 
hours and observations for mortality were made two times daily. The criterion for 
determining death was the absence of movement when the animals were gentle prodded 
for 30 second. Dead individuals if exists were removed at each observation to avoid 
decomposition. Test was not accepted where the control mortality exceeded 10%. Each 
treatment with 3 repetitions was applied. The median lethal concentrations (LC50) of the 
metals with 95% fiducial limits (FL) were analysed by probit analysis (Finney, 1971).  
Results were expressed as mean ± S.D. and analysed using the SPSS version 21. 
Differences between mean values were analysed by one-way analysis of variance 
(ANOVA) followed when pertinent by a Tukey multiple comparison test. The results 
were considered significant at P <0.05. 
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RESULTS AND DISCUSSION 
 
Studies show that heavy metals can induce various effects on survival and 
behavioural in Amphipods. During the course of the experiment no mortality was 
observed in control jars, indicating that the holding facilities, water and handling 
techniques were acceptable for the toxicity test (American Society for Testing and 
Materials, 1990), as required in the standard EPA /COE protocol, where mean survival 
should be less than 90% (U.S. Environmental Protection Agency and U.S. Army Corps of 
Engineers, 1991). 
When the amphipod samples were exposed to concentrations of Cu, Cd and Zn, they 
become slightly excited and moved erratically, becoming normal after 1 hour. In lower 
concentrations of Cu, Cd and Zn, the death of the animals was delayed. These results are 
comparable with the present study for Amphipods. Toxicity was dependent on both 
concentration and exposure time. On the other hand, the survival of H. crassipes was 
decreased with the increase in exposure concentrations of all tested heavy metals. The 24, 
48, 72 and 96-h LC50 values of Zn, Cu and Cd for Hyale crassipes were given in Table 1. 
 
Table 1. The 24, 48, 72 and 96 h LC50 values with 95% fiducial limits (FL) for Hyale 
crassipes exposed to Cu, Cd and Zn. 
 
Time 
Cu 
LC50 (95% FL) 
Cd 
LC50 (95% FL) 
Zn 
LC50 (95% FL) 
24-h 6.13 (5.62-6.91) 17.6 (15.8-19.3) 30.5 (28.1-34.4) 
48-h 4.27 (3.76-4.82) 11.4 (9.7-12.2) 25.4 (22.5-27.2) 
72-h 1.98 (1.71-2.69) 7.93 (6.7-8.4) 16.4 (15.2-18.1) 
96-h 0.06 (0.05-0.08) 0.23 (0.18-0.29) 0.52 (0.39-0.61) 
 
Results obtained from the acute toxicity tests obviously demonstrated that Cu was 
more toxic than Cd and Zn for Hyale crassipes and the 96-h LC50 values of Cd and Zn 
were about 3.83 and 8.87 fold higher than Cu, respectively. Zn was found to be least 
toxic for Hyale crassipes. Results of this work are in agreement with some studies that 
Cu has shown toxic than Cd and Zn (see Table 2). The findings of Ahsanullah et al. 
(1988) indicate that Cu was 1.6 times more toxic than Cd and 4 times more toxic to 
Allorchestes compressa than Zn. Similarly, Cu was more toxic to Echinogammarus olivii 
was more sensitive to the metals than Sphaeroma serratum and Palaemon elegans 
followed by Pb and Zn. In another study of Ahsanullah and Williams (1991) Cu was 
found the most toxic metal, the second most toxic was Cd. 
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Table 2. Comparison of LC50 values (mg/l) of Zn, Cu and Cd for marine Amphipods 
from literatures. 
 
Species 
LC50 values 
References 
Zn Cu Cd 
Allorchestes compressa - 0.5  - Ahsanullah and Florence, 1984 
Allorchestes compressa 2.00  0.48  0.78  Ahsanullah et al., 1988 
Allorchestes compressa - 0.500  - Ahsanullah and Williams, 1991 
Allorchestes compressa 41.6  - - Gulec et al., 1997 
Corophium volutator 1–16  - - Bryant et al., 1985 
Corophium volutator 9.79  20.74  9.03  Bat et al., 1998 
Echinogammars olivii 1.30  0.25  - Bat et al., 1999 
Paramorea walkeri - 0.97 0.67 Duquesne et al., 2000 
Rhepoxynius abronius - - 1.61  Swartz et al., 1986 
Tiburonella viscana 0.79  - - Melo and Nipper, 2007 
 
Acute toxicity tests can detect the toxic harms of specific chemicals in a short period 
of time. They attribute the degree of toxicity within various chemicals, and the notional 
sensitivities of species to a special one. Chemicals with higher LC50 values are less toxic 
because the higher levels are required to produce mortality in an organism. This study 
was the first toxicity study with Hyale crassipes and showed that the species was very 
sensitive to metals. Clearly, Hyale crassipes has potential as test species for toxicity 
studies in Turkish waters. 
 
CONCLUSION 
 
From the results obtained it can be inferred that the heavy metals Cu, Cd and Zn are 
toxic to Hyale crassipesin general. These findings showed that Cu is more toxic than Cd 
and Zn. Zn was least toxic to amphipods but toxic at higher concentrations. The LC50 
values come into the possession of these toxicity works supply data on comparative effect 
of contaminants particularly heavy metals and are helpful in screening potentially toxic 
substances (Bat et al., 1999), as mentioned by Marine Strategy Framework Directive 
(Official Journal of the European Union, 2008). 
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